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(54) INTERFEROMETER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To highly accurately evaluate performance 
of a large numerical aperture(NA) lens by providing a reference 
wavefront generation means which generates a reference wavefront to 
interfere with a wavefront to be detected which runs an incident optical 
path in an opposite direction after being reflected at a reflecting means 
and passes again a lens to be detected. 

SOLUTION: A laser beam 1 1 is reflected at a polarizing reflecting face 
3a of a polarization beam splitter(PBS) 13, runs along an optical axis 
Y in a forward direction and penetrates a 1/4 wave plate 15 to be a 
circularly polarized light. The light passing the 1/4 wave plate 15 is 
reflected at a face 16a to be a reference wave Rt. The wave further 
penetrates a plane plate 16 and becomes a parallel light T1. The parallel 
light T1 is refracted at a plane 1 9b to be a spherical wave-like 
wavefront and reaches a convex face 19a. The wavefront in a range S 
provided for reflection is directly reflected and consequently returns an 
original optical path to be a parallel plane wave again, which penetrates 
the plane plate 16 etc., and reaches a screen 21. A light and shade 
pattern because of an interference of the reference wave R1 and a 
W ScD22° ^ det6Cted ' S pro > cted onto the ^reen 21, and imaged by 
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[0017] 

[Embodiment for implementing the invention] 

Hereinafter, the embodiment of the present invention 
will be described in detail with reference to the drawings. 



Fig. 1 shows the schematic structure of an optical lens 



evaluation system incorporating a Fizeau interferometer, 
according to an embodiment of the present invention, the system 
using the fringe scanning method for evaluation. The 
interferometer is provided with a polarizing beam splitter 
(PBS) 13 for reflecting a laser beam 11, which is a parallel 
pencil of rays, and for directing it to the direction of optical 
axis 12, a quarter wavelength plate 15, a plane plate 16 and 
an aperture 17, the latter three parts being arranged so as 
to be disposed perpendicularly to the optical axis 12 between 
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the PBS 13 and the lens under test 14 in the above order from 
the side of PBS 13. The interferometer is further provided with 
a hemispherical lens 19, behind the lens under test 14 (to the 
side of forward path with respect to the traveling laser beam) , 
and, across the PBS 13 to the side opposite to the quarter 
wavelength plate 15, with a screen 21 and an imaging device 
22 such as CCD, arranged in order. Here, the hemispherical lens 
19 corresponds to the reflector means in the present invention, 
and the plane plate 16 corresponds to the reference wavefront 
generator means in the invention. 
[0019] 

The laser beam 11, which is a linearly polarized light, 
is reflected a hundred percent by the polarizing reflector 
surface 13a of the PBS 13 to the direction of forward path. 
The quarter wavelength plate 15 converts a linearly polarized 
light into a circularly polarized light and vice versa, by 
producing a phase difference of 90 degrees between two 
orthogonal polarized components of the passing light . The plane 
plate 16 has been subjected to anti-reflection treatment on 
a surface 16a facing to the quarter wavelength plate 15, and 
another plane surface 16b thereof facing toward the lens under 
test 14 is a high-precision parallel plane plate having a 
reflectivity of about 4%. A component of the light reflected 
backward internally by the plane surface 16b is used as a 
reference wave R lf which is the reference plane wave for causing 
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interference. The plane plate 16 can be moved along the optical 
axis 12 by four steps of X/4 each, by means of piezoelectric 
element (not shown) etc. The aperture 17 is a diaphragm for 
limiting the optical flux incident on the lens under test 14. 
The lens under test 14 is an objective having high NA, which 
is used, for example, for the optical pickup in optical disc 
device, and so forth. 
[0020] 

The hemispherical lens 19 has a convex spherical surface 
19a and a plane surface 19b, in which the plane surface 19b 
being disposed perpendicularly to the optical axis 12, and 
facing to the lens under test 14. The center of curvature 19c 
(See Fig. 2) of the convex spherical surface 19a is disposed 
on the optical axis 12. A beam converged by the lens under test 
14 is directed to be incident on the plane surface 19b. As shown 
in the enlarged picture of Fig. 2, the hemispherical lens 19 
has been formed thicker than that of hemispherical body by a 
thickness d, and its position has been finely adjusted so that 
the spherical light wave which entered from the plane surface 
19b could be focused oh a point at the center of curvature 19c 
of the convex spherical surface 19a. The light focused on a 
point at the center of curvature 19c is further diverged in 
the form of spherical wave and reflected specularly by the inner 
surface of the convex spherical surface 19a, with keeping the 
form of spherical wave, to travel back along the backward path. 
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Here, the portion having a thickness d in the hemispherical 
lens 19 has been added for the purpose of producing the 
difference of optical path equivalent to the path difference 
caused by passing through the cover glasses, on the assumption 
that the lens under test 14 is used with cover glasses (or a 
portion of the transparent base of optical disc, in case the 
lens is the objective for optical pickup) . It is a substitute 
for a compensating plate 108 (Fig. 9) used conventionally. 
Furthermore, the reflectivity of the convex spherical surface 
19a is determined so that the intensity of testing wave R 2 , 
which has been reflected by the convex spherical surface 19a 
and traveled back through the lens under test 14 and the plane 
plate 16, becomes approximately equal to that of the reference 
wave R x . 
[0021] 

The lens under test 14 is a high NA lens composed of two 
lens components 14a and 14b, and, ideally, designed to convert 
a plane wave into a perfectly spherical wave. However, even 
if the lens under test 14 were composed of a single lens or 
a lens group of two or more lens components, it would make no 
difference. The screen 21 projects an interference pattern, 
which is produced between the reference wave R lf which has been 
reflected internally by the plane surface 16b of the plane plate 
16, and the testing wave R 2 , which has been reflected by the 
convex spherical surface 19a of the hemispherical lens 19 and 
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then converted again by the lens under test 14 into the form 
of plane wave (parallel beam) , so that the interference pattern 
can be visually recognized. The interference pattern projected 
on the screen 21 is picked up by an imaging device 22 and 
processed by a microcomputer (not shown) . 
[0022] 

Next, the operation of such an evaluation system will 
be described. The laser beam 11, which has been linearly 
polarized, is reflected substantially a hundred percent by the 
polarizing reflector surface 13a of the PBS 13, travels to the 
direction of forward path along the optical axis 12, and 
transmits through the quarter wavelength plate 15 to produce 
a circularly polarized light. A portion of the light 
transmitted through the quarter wavelength plate 15 is 
reflected by the surface 16a of the plane plate 16 to provide 
the reference wave R x , and transmits again through the quarter 
wavelength plate 15 to the direction of backward path to produce 
a linearly polarized light, the polarizing direction thereof 
being orthogonal to the original direction of the linearly 
polarized light. Consequently, almost a hundred percent of the 
reference wave ^ can transmit through the PBS 13 and reach 
the screen 21 . 
[0023] 

On the other hand, the parallel beam T lf which has 
transmitted through the quarter wavelength plate 15 to produce 
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a circularly polarized light and further transmitted through 
the plane plate 16, is converged by the lens under test 14 and 
is incident on the plane plate 19b of the hemispherical lens 
19 before coming in focus. The light that entered within the 
hemispherical lens 19 is refracted by the plane plate 19b to 
produce a wavefront of spherical waveform having the center 
at the center of curvature 19c, and further travels for the 
thickness of d to become in focus. Then, it further travels 
through the hemispherical lens 19, with expanding to a larger 
wavefront of spherical waveform having the center at P, until 
it reaches the convex spherical surface 19a. Since a portion 
S used for reflection in the entire convex spherical surface 
19a has been formed to be a high-precision spherical surface, 
the incident light wave is reflected by the surface at right 
angle thereto (reflected specularly) , and further travels back 
along the same path it has entered, with keeping the form of 
spherical wave. Consequently, the beam travels back along the 
same path as before to produce a parallel plane wave again by 
the lens under test 14, and further transmits through the plane 
plate 16 and the quarter wavelength plate 15 in order. In this 
connection, by transmitting through the quarter wavelength 
plate 15, the beam is converted from the circularly polarized 
light into the linearly polarized light, the polarizing 
direction thereof being orthogonal to the original direction 
of the linearly polarized light. Therefore, almost a hundred 



6 



percent of the beam can transmit the PBS 13 and reaches the 
screen 21 . 
[0024] 

As the result, a light and shade pattern created by the 
interference between the reference wave R x and the testing wave 
R 2 is projected on the screen 21, and the pattern is picked 
up by the imaging device 22 . In this case, since the plane plate 
16 is a high-precision parallel plane plate, the reference wave 
R 2 has a substantially perfect (distortion-free) waveform of 
a plane wave. Accordingly, if the lens under test 14 had ideal 
optical properties, the testing wave R 2 would have a 
substantially perfect waveform of a plane wave as well, and 
thereby the lightness distribution on the screen 21 would 
become substantially uniform (the lightness being about the 
same level across the screen) . Under such conditions, when the 
center of curvature 19c of convex spherical surface 19a in the 
hemispherical lens 19 is slightly offset from the optical axis 
12, interference fringes, which are composed of light and shade 
of roughly straight lines, are projected on the screen 21. Fig. 
3 shows an example of such interference fringes. This example 
shows the interference fringes of a lens under test having NA 
of 0.8, the wavefront aberration measures 0.028A, in rms 
(root-mean-square) and it shows that the lens has excellent 
optical properties. 
[0025] 



7 



It would be possible to determine the properties with 
the naked eye, in a manner of the above-described, i.e., by 
making the center of curvature 19c of convex spherical surface 
19a in the hemispherical lens 19 offset slightly from the 
optical axis 12 to project the interference fringes on the 
screen 21, and examining the straightness of the interference 
fringes. In the present system, however, a fringe scanning 
method is employed for evaluating properties, in order to 
improve the preciseness of evaluation. In the fringe scanning 
method, the interference pattern (light and shade pattern) 
projected on the screen 21 is varied by moving the plane plate 
16 axially up to four steps with a distance of X/ 4 a step, and 
the change of light and shade pattern is picked up by the imaging 
device 22 to determine quantitatively the state of wavefront 
of the testing wave R 2 . The content of measurement will be shown 
more in detail as follows. 
[0026] 

The fringe scanning method will be briefly described. 
Assuming the form of wavefront of the testing wave R 2 is h (x, y) 
and moving distance on the optical path is 1, the intensity 
distribution I(x,y,l) of the interference fringes, which 
appear on the screen 21 and are picked up by the imaging device 
22, is given by Equation (1) as follows. 
[0027] 

I(x,y,l) = a(x,y)+b(x,y)cos{27i/A,[h(x,y)-l] } ...(1) 
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[0028] 

Here, a (x, y) is a bias component of the intensity 
distribution of interference fringes, while b(x,y) is a term 
representing the contrast variation of interference fringes. 
Since Equation (1) is a periodic function in relation to a 
variable 1, the Fourier transform can be performed with respect 
to 1. From the result, the real and imaginary parts 
corresponding to the primary term of the Fourier transform are 
extracted and modified, and it provides the following Equation 
(2) is gained. 
[0029] 

h(x, y) = a/271) -tan" 1 [Zl (x, y, l n ) sin (27in/N) / 

SI (x,y,l n )cos(27in/N) ] ... (2) 

[0030] 

Here, l n = n/N (n = 0, 1, 2, . . . , N-l) , and £ stands for 
the summation for n from 0 through N-l. 
[0031] 

Now, taking N = 4 in Equation (2), Equation (3) is obtained 
as follows. 
[0032] 

h(x,y) = a/270-tan- 1 [(I, - I 3 ) / <I 0 - I 2 ) ] ...(3) 
[0033] 

Here, I 0 , I lf I 2 and I 3 stand for I (x, y, I 0 ) ... I (x, y, I 3 ) , 
respectively, which are the intensity distributions of 
interference fringes obtained by the imaging device 22, for 
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each step when the plane plate 16 is moved by 0, X/4, X/2 and 
3X/4. 
[0034] 

From Equation (3) , the wavefront form h(x,y) of testing 
wave R 2 can be obtained, and the value corresponding to rms 
of spherical aberration can be further obtained, by determining 
the root of mean square of h(x,y) of the testing wave R 2 for 
each position (x,y). 
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